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PROBLEM TO BE SOLVED: To provide a method for producing phosphorylated isoflavone, by 
which a phosphorylated isoflavone having extremely high water solubility and reduced harsh 
flavor or a phosphorylated isoflavone-containing soybean material can be safely and efficiently 
produced. 

SOLUTION: A raw material derived from isoflavone-containing soybean or isoflavone itself is 
cultured together with a microorganism capable of phosphorylating isoflavone, especially a 
bacterium belonging to the genus Bacillus or a ftingus belonging to the genus Aspergillus or 
treated with a cell body of the cultured microorganism or a phosphorylating enzyme extracted 
from the microorganism, so that isoflavone is phosphorylated to produce phosphorylated 
isoflavone. 
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mo 




T-fet). ?:i^or\ R^ R'<D\,^'rrLi}^i-D]^±r^v > 

miti^. Mid. ^f^Ltz]) i^mit^ yy^TT^^^m^^ 
5r<b. ^#m^"r5y>'®?{b^ys7^?j<v(^ii{3g:^ 

yyyto^^v^miti^. Mtc, ifc^Lfcy vg^^t:^ yp^ 

Umm4] m±m*^. ^<^y^^ (Bacillus) jkcm 
-th^rnxnT (Aspergillus) J^fCjg^ 

im^ms] m±^^K y<^/uy^ • -t^^y^;^ (Bacill 
us subtilis) 3^fiT;=^^/U^/U^ • :^ y if (Aspergill 
us oryzae) T*fe5r^. <!: i-^lf 4 tCfa«J 

^^xm^rifcv >mt^ yyy^-^^^-^^-tiii^s.MT. 



[000 1] 

^yy 7 y ^mit^^mt^^m-t^u^imRij^y 

J: y:7^4f>'^y v^^b-T^^.^S^/l^l^mcoUch 

.-K^'t^y >'^^kT*#'5cox% }) >mit^ yyyn^^'^^^ 

[0 0 0 2] 

m^cD^m] ±H.n^^^mnti.x)M:<f\\m^tix^ 

Ti/^'So :A:s:^<7)^^nc^1**^^^cD — 3H-ry:7^/}f 

>'X:h^tMt>tlX\^^^ib> (New Food Industry, 36 (l 
0). 17-27. 1994) . y ^'^Tj^Xl^ u^v^a 

[0 0 0 3] m.^^X\:^±^^XXI±a.^m^^a^l<Z 

y'^i^^jit^mi 5mm(D4 yy^7rs:y:^mm^h.x\^^^ 

i^^atm^. 31 (6), 44-47. 1996), 
[0 0 04] ±H.<D=i:.^^^¥^fj: t*<D:^^^^^m't 

^^<D:^mtl.x. yyyT^i^^^j^m. 

^/citiiSMibi-^*-?^ (i|#§^¥5-3 2 8 9 2 9-§->k:^ 

f£t>tLxv.^o^^^^\^x\^^fzo ^zx\ mmmm^^ 
mW^ti^-[^^m(D^ yyy7f.>^^^Lx\^^xi,^^k 
^=^mz^j:^^x^iz.'r^^a«^Bi:^m^^^ibhrix\^^ 

[0 0 0 5] — ^ yyy7t^iyit7\<.m^:^mi^x^h^ 
< . ^^a^j:t'^(omMm^mm^tirzK>»j^x(Dm.i\^^ 

^M^riX\^^y-j:\^^t\^^o X^h^-:>fz. 
[0 0 0 6] ^rT% :itih<D'^ yyy7^>^(DXj^^^^ 

t^. mm^^amux^^>{ yyyTfsi^iDmmts^miyjMiitf 

[0 0 0 7] c<7)j: 9/^^*^c^^^^T. ^yyyTi^xD 

i^^^^^y^^>V't^:^mmm^riX^^ . 0iJx.f^i^ 
^ Df^^r^ h y >^mu-r^:^m mmw-9- 309 

9 0 2 -^4:^^. ^mW- 1 0-2 9 8 1 7 5 -^^«) ^ 
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[0 0 0 8] -^^ ^ y:7 7^'>'co{t:^t^it^^mLT 

(i|#p^i}i7- 7 0 1 7 0-§-^^) . T^^/um^^^^ 
mP^ttfc-r y >'7?J<>1S3»<*: (i|^M¥8-2 9 119 

lymit^ntz^ yyvT^^mmi^ (pc 

T/U S 9 9/ 1 3 1 6 0) f^t'^^lh^o :^tlh(Dm^^ 

[0 0 0 9] L7i)^L. ±i£<7)y >'^^b-r y:7 7^^^^cD® 

yyy ni>i^^<Dm:'^mm& i^x\^^^m'^^^ t'xnm 
muz<\^^zt. -^ftit^^^mt. v>m<t^yyy 

i^m. V >m:^t-( yy^Tii^^-^^^f^tizmm-t^^x 
[0 0 101 -t^jiio-ib. mtrnm^j:^ yyyTt^i^mmi^ 

^(DXh^o 
[0 0 1 1 ] 

M^(Dmm^ZJt^:^^B^X^j:^^tzh<DXh^o 
[0 0 12] 

J^i-^fzisb{^fj:^i%tzh(DXh-:>X. mz^±^(D^A^ 

yyy7f>:y<DV'^mm^m\^xit^mxnfj:<^ 

mnm^j:^^^^. ^ik^r-^^^nx7i<.mmmisbht^. 
^tmn^ix^}) '^mit^ yyyTf^xo'^^m^^^m 

[0 0 13] ^wT% ^ yyyn<i^^m 

(o'^^m^^^xh^:it^^\k^\^x. ^^m^-^^^ 



[0 0 14] ^^mt. Xtil^«»^ife;!)*^tttfcJ 

m\^\ Tt^it2\c7jk^m^^oov >^mit-( yyy^> 

[0 0 15] 




[0 0 16] m L, ^1^. R '-R'jlJSfcOr i:^^ 
-To 

r' :7i^m. T^mm. y 

Xh^. ?5^or\ r\ R^cov^•r^^;^i>lo^±;6sy > 

^sr*^6o ) 

[0 0 1 7] >f y :7 7/i<>'<Dy 

^^m^-r^tixihr). ^ yyvyf-iy^mm^(D^ yy=7 

yy^->^Viymt\.x. V>m<t^yyy7t^>^^i^ 

:7 7/i<>^T'fi/^< . mmi^ti^ yy^Tr;:^, o^o-fy 

y ^i^fi^-f y:7^4<>^>fb'^ii^^iE^Sit-t-5r^ tt^t. 

t V >mit LT, y :ymit^ yyy Tf-i^-^^^B.mT.it 
p"p^ y >mit^ y :7 7 V i «c^igl:M5gi-5 r 

[0 0 181 V >mit-r^^ yyy^>ti.xit. 

yy^ t^{^ffl^Bgi?^D *9 . 

^ X-f V, Daidzin) , ^y i^^V (G 1 y c i 
tin), ^-ys^l^ (Genistin), ^f\.h(r> 
6" -O-'^xr^^Jvmm^f^, 6" -O-Tir^/uKag 

y><-tf-f >^(Daidzein),^y v^-r-Y 
(G 1 y c i t e i n) , ^z^^K't-^ > (G e n i s t 
e i n) ^(D{^^ \^fz.t>oX^ ^^m\Z^^\t. C^X^b 

<r>^yyy'^^i^^^):ym\\L\^X. 5tco^it^(c;^L;t y 
:ym\:.'^ y y 7 5}< v^^SKit-r -5 r b t^X^ -So 

[0 0 1 9] 

-r^r^O'bC0^5^l/^^i^. 4^T't)^<^/^:^ (Bacillus) 
Mt) L< tiT:5;^</U:^/U^ (Aspergillus) Jl<^«g[^i^ 
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mx.it. /<^/U><. - i^^/u;^ (Bacillus s 
ubtilis) , • :/ ^ y >^ (Bacillus pumilu 

s) , >'<'^/U7s • 7f;^-7^y (Bacillus megateriu 

ra) , y-^^yU^ '-^U^^ (Bacillus cereus) , T:^^ 
' :tV'^ (Aspergillus oryzae) > T 
• y-~ir (Aspergillus sojae) , T 
•i^-fh-r (Aspergillus saitoi) f^ll^m^i 

10 0 2 0] 'G^'J;t(^^<^/l^;^ • "^^JV:^ (Bacill 

s subtilis) I s F K 0 8 1 « mmm^^m^^^ 

#Xt^Xllt$W^^Mai^#l^f£-lr F E RM 

BP-7439<i: UT«f€) ^r:^^jv^)V7. - 
(Aspergillus oryzae) I S FKO 2 9^ (M||ft«*g 

FERM B P- 7 4 4 0 ^ LT«fe) fH^tm^fm. 

[0 0 2 1] ii^ffiv^e» 

[0 0 2 2] '):ymit^ yy^^^iy^Wi^^^m-^^^ 
yy^n^i^^^m.^iiz ioo~iooooppm 

S< . iS«l 2-2 4 OB^PbI^S, 0^ L< fi5 0—7 

0B#rHltf;t(^a»/^ 

[0 0 2 3] :2^^0.^{^L/c;<»5oT-i' y:7^;j<>^i;>-^ 

[0 0 2 4] ^) iymitmm^'i^^{c\^. mm^^cDmm 

[0 0 2 5] ^/c, V :ymi[immti.x{t.. mmmm<D 
i3:/)-mmmmhmm'^mx^<>x. ^m<Dtmm^m^ 

x\^^^h(o^-r^xn^'r^h(DXh'^x. }!k<Dii(D7^*^ 

^^mh}j^<^^'r^ h<Dx^^o 
(0 0 2 61 -f y:7^/i<>^w^tcoi.^r 



^m^^mm'r^tznx^j:<. ^ y:7^^si^^m^ti. 
x±3.^±s.^^m^m\^\ rnicgr^^^mf^xji^ 
^%:mmmm\^xmw^mi.fc^ . 

it^) LT, y >mt-( y:7 7>-K:/'&*;^a^XAp"D^K 
[0 0 2 7] ;2^^^tc:ioV>r. y l 

com^i,^^oxn. t(omnx^^±^m^]) >mit^ 

t i.tzh(0^mcv >mt'r^:it^mif^h(DXi^fj: 
[0 0 2 8] :^^m\^Xtl{:i. ^ v y y tT^^^^^ t \^ 

xm^i'£mi^.±M.^m\^\ ztii,cy<^/u:!kmMxitr y^ 
^/\^^/i^:^mm<Dm^^mmi.xmmi<. mB.xnm^ 

mm-r^:it:^^x^ ^r^. ^(nm^. ±B.\z.^i^t\.x\^^ 

x^m. m^'T^^tiz.x^x. V >mit>< yyy^^> 

[0 0 2 9] zcnm-^. Mx,\tmi^.i^B,. Xiti^M.^^ 
(Dfj:t'\::. 1 0 - i 0 'fH/ g . L< (1 1 0 l 0 

^/i^:^mwi^m(Dm'f'^i^^mi.. i 2-'2 4 0B#rp^i#« 

[0 0 3 0] -^tc^^mit. y<-(yt])r^^-^m\^'X 
mi^'^mw^^^mm>ibi^i!ii i^tzmm^^ yy=7 ^vic 

kh^^mX^^\t\^-f^(D-)5^X%^^\\ ^J^f^. 

=¥>'^'i^'/i-^t:: 1 0-10 m/m. 1 . »^U<tt 1 0 

[0 0 3 1 ] -r y >^^7j^>fiy v^{t:^rt:;^$-fr-5tn 
ic. i3 -i/y ^-c^a^^^-r^/cf^'LT-r y:7 
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yni^mmi^ i o o om&m&o:>m^X'mM\^. 25- 
[0 0 3 2] ^^0^^;l:}ol/^T. m-^im^mmmziXK. 
m{^^y-( y ^ji-mxmwi^. iS^L^±m(7^4 o-s 0% 

[0 0 3 3] ^mm^tii'±^m^jtM/)^h y ^m^t-f v 

[0 0 3 4] i-?:^:b^. ^mm^tzitrnt^Rit^m^m^L^ 

±m^^-^ v—^y<n^\^—^—xm^i.tim. ^mm 

^^>fl:co^li7Ktc^^fbTpH 3-5(^1^^^, 8 0- 

9 0%(7)^^y-yW^;tjP;t-B^gcg-r6p ^hi^m^b^ 

10 0 S 5] ^l.xmmi-^(DX^ni-£. ^n-^V^y 

y ^-^'^^(o'T^m^mz.^^x. v>mit^ yyy^^ 



t LXh^^\ 
[0 0 3 6 1 

[0 0 3 7 ] 

mitmm^tm) 0. 5m g >^?^.;(JPLT2 Om 1 ^^i^ 
^?l^tC8 0%:x.^y-/^:S:3^^ft^^:^JDUa4^^^. 

/Co 

[0 0 3 8] ^O^?S^0, 4 5 nm<Dy ^ /U^ — Xm 

CAPCELL PAK C18UG120 (S^SIt 
S!!; <fr46X250 mm) LfCo mm 1 m 1 /^J- 

(CT. 1 5%r-tr h y /ix/0. l%g^^7K^f^;!>>^ 
3 2 %Tir h y yu/0 . 1 %ft®e^^f^--C0[i:«SS 
S4giE{cJ:i9^m^-it, mmm(Dm^m (2 5 4nm) 

[0 0 3 9] if -r VCD y >'mitm(D±f^(7:>^mn. 
^r)Wl^{.tCo :L(D^oizl.Xi$^^'^^i^(DD>mitm 

/^ib\ y :/g^{t:t6tcov^Tt^3^p^ (++ : y>'^^bL 
^^a^fi5i\ + : y^^®e{b:i-S. - : V ^mitl^ti: 

[0 0 4 0] 



y >^®&<btg 



Bacilluscereus + 

Bacillus megaterium + 

Bacillus pumilus H- 

Bacillus subtilis H-H- 

Aspergillusoryzae -f 
Aspergillussojae 

Aspergillus saitoi + 

Penicillium roquefortii — 

Rhizopusoryzae — 

Saccharomyces cerevisiae — 

Saccharomyces rosei — 

Saccharomycodes capsularis — 

Schizosaccharomyces pombe — 

Hansenula anomala — 

Pichia membranaefaciens — 

Candida versatilis — 
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Lactococcus lactis 
Lactobaci 1 lus lactis 
Streptococcus lactis 
Streptococcus mutans 
Leuconos toe mesenteroides 



[004 1 ] j[^±(D^ms m^(r>U^m(D[^s 
/u:^ (Bacillus) m'Bi.XJ^T ::^^/\^^ /V :^ (Aspergillu 

[0 0 4 2] 

y>f -^^ >'<D y >mitm^^Lx\^^^ z t f>mm^^tz 

^mLtzt:i^. y^'^/i-^^mxiW (I SFKO8 1 

m RX)^r:^^/l^^JU^mXlW (ISFK0 2 9:^) 
(^2) 

wm : 

m'T-mf^ : 

^"^-COm : 

^^09 : 

5 ox:x<D±^ : 

5 5X:X(D±^ : 

<f=7 2>^Vk^ : 
WiVkW^o^-^Ui : 

NGKGi^i11i-C(7):^W : 

Mc^H%mX(7:>^^ : 

G S P 5 :7r— : 

^yun — >^ ; -I- 
; + 

-v'Vn -/ h 

^ y :y h : 4- 
h — :^ ; + 



[0 0 4 3] I S FKO 8 1 t(^lc:ol>rH. v^^-Y 

Vol. 2 (i 9 8 6¥) i.zv^-^xm'^i'fm^mi^tif^ 

• (Bacillus subtilis) tC 

(Bacillus subtilis) I SFK08 itt^^ifeL/c, 
Hff^^^^^^f^irV-iJ^— tcFERM BP-7439^L 
[0 0 4 4] 



+ 



+ 
+ 
+ 
+ 



+ 
+ 



1 txmi^T.x 2-^3 urn 
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tV— ; + 
; + 
[0045] ^/c. ISFK02 9 ^^t^lOV >T t . Intr 
eduction to Food-Born Fungi (19 8 1^) (:it«&V^[^ 

• :^ y if (Aspergillus oryzae) fCM'^^J^^^T'^ 6 
^f^^-C^:. T:^^)Ve^fV7. ' (Aspergillus or 

yzae) I S F K 0 2 9 1^ ^ L/Co ^c^:Jb\ T^^l^fi. 

i? V^— iCF ERMB P - 7 4 4 0 i: UT^f^^tLTV^ 

10 0 4 6] (^ 3 ) 

1) ^^mi 

a) h • hn-y^^^i^j^il 

: 

b) ^^^^:^m^mm ■ 

: 

: 3 7X:x-h^^ 

2) ff^^ 

1I<7)9 : a:^l4 7~5 4 jum. 

3) ftjg^W^^^ 
p H 6 ~7 

Mit : 2 5 3 7 °C 
[0 0 4 7] 

(Bacillus subtilis) I S F K 0 8 1 ^^-y 
4 3 5 m 1 ^An/c 2 0ml '^^^m^^M 

L, 3 7t:tCTl 2B#rHlmji:^^L/:io 
[0 0 4 8] r<OHfj^^r^5m 1 1 0 0 0 p p m<D 

y^-^V (fD?tl*e^ail|) ^^tP 1 0 0 m 1 3 
r«f$:J^lfeA 0 <7) 3 0 0ml ^-7><-y— (CfltML 3 Ot:. 
3 6B#rp11^#L/Co it^r^^^ii'L^:^^ (3 5 0 0 r p 
1 O^^rel) LX»btU/^Jlif{C, 2 0 0m 1(7)9 

(8 0 0 0 rpm. 2 0 ^PbD ^ i9 Dto ±ff <7) 



[00 4 9] rc7)i^ig^ h^^:7^-T*(7)5^*f*S^ 

{C-e><.^-<i^ hy> (F a b mas) ^Wi:«-SNMR 
[00 5 0] 4 ) 

Fab mas (m/ z ) (3 3 3. 0 1 8 5-H) 
^H-NMR (6 0 0MHz, DMSO, 5) (pp 
m) , 6. 77 (2H. d. J=8. 5Hz, H- 
3* ) . 7. 19 (IH. d, J = 8. 8Hz, H- 
6) , 7. 34 (2H, d. J=8. 5Hz, H- 
2* , 6' ) , 7, 37 (IH. s, H-5) , 7. 9 
5 (IH, d, J=8. 8Hz, H-5) , 8. 29 
(1 H, s , H- 2) o 
C-NMR (125MHz. DMSO, 6) (pp 
m) :107, 1 (d, J = 4. 4Hz. C-8), 1 
15. 1 (C-3', 5'). 118. 3 (C-4 
a) . 118. 6 (d, J = 5. 5Hz, C-6) , 1 
22. 5 (C-1'). 123. 7 (C-3), 12 

6. 3 (C-5) , 130. 1 (C-2' . 6' ) , 1 
53. 3 (C-2). 156. 8 (C-4'). 15 

7. 4 (C-8a) , 159. 1 (d. J=4. 4H 
z. C- 7) . 1 7 5. 0 (C-4) 

P-NMR (162MHz, DMSO, 6) (pp 
m) 

11. 0 5 (s) 

[0 0 5 1 ] i^±<DmW::^^hs ±m(Oit^mnR 

(4— Hydroxyphenyl) — 7— (phos 
phonooxy) --4H— 1— ben z opy r an 
-4-0 n QX-h^tm'^^tltLo 

[0 0 5 2] 

=¥^/U'JX •;:^yif (Aspergi 1 lus oryza 
e) I S FKO 2 9tt>Sr;^S^$A^2 0%^tf:7X'7(c 

r 2 5X:-ci 4 eraiS^byc:. ^mi^T%.. ««ifeH 0 

0 g^/cfp 2 0 Om KO^fgTK^JOP^. 4*C(cr3 0$> 

[0 0 5 3] cn^ja'L>5^BiL. iM^w^^'^x.xm 

nn^m^tz, ro«&^l g i3~-i//u=iv'y-if (v- 
y^\±^) lOOunits^lOOml <r>B^WL\Z.^M 

Lr}t^L/^;eisib4 ox:{cx mr«ii*taLyc<hr;5. y 

[0 0 5 4] fj:^^ :L^xmW^^titiV >mit^:=^^y' 
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it^=^y^'r-(>-tf£t:>t:>S-'Hy d r o X y - 3- (4 
— hydroxyphenyl) — 7— (phosph 
onooxy) — 4H— 1— benzopyran — 4 
-on eX^h^Zt^mm^^tltZo 
10 0 5 5] (^5) 

Fab mas (m/ z ) (3 4 9. 0 1 3 2 -H) 
'h-NMR (6 0 0MHz, DMSO, 6) (pp 
m) 

6. 57 (1 H, s, H-8) . 6. 77 (2H, d, 
J = 7. 8Hz. H-3*. -5'), 6. 85 (1 
H, s. H-6) , 7. 33 (2H. d, J = 7. 8H 
z, H-2' , -6' ) , 8. 31 (IH, d. H- 
2) 

"C-NMR (125MHz, DMSO. 6) (pp 
m) 

98. 0 (d. J = 5. IHz. C-8). 103. 0 
(d, J = 5. 4Hz, C-6) . 105. 7 (C-4 
(^6) 



a), 115. 2 (C-3'. -5*), 121. 3 
(C-1'). 122. 4 (C-3). 130. 2 (C 

-2'. -6') . 154. 4 (C-2) . 156. 9 
(C-8) . 157. 6 (C-4* ) . 161. 1 (C 

-5). 161. 3 (d. J=49Hz. C-7) , 1 

8 0. 6 (C-4) 

^' P-NMR (162MHz. DMSO. 6) (pp 
m) : 1 1 . 2 7 ( s ) 
[0 0 5 6] 

V {fn%Wm^±M) . y><^^:y {"^^Wm^tm) 50 
Om^\Zl 0 00 u \ (Om^7^^1)\i^. 2 5t:{c:Tl^ 

[0 0 5 7] 





m& (mg/ 1 ) 






19. 86 


2 2. 3 




0. 8 9 


1 




106. 29X10^ 


1 . 12X10^ 



[ 0 0 5 8 ] Jl^±(D|§m. ^^-Tif^r V^y^>'><!rit^ 
[0 0 5 9] 

(^7) 



(J. Food. Sci., 62(3), 526-528. 1997) J: ^ 

BXMW, X^fCo IP*> 1 m g /m \<D]) / — /l^^^fScf^jC 
y-Ti^-Y^^. y ^^-fb^-Yif^ >^#5 0 /iM:5^U?5 0 
0 MM«S(c:?:f5J: •^{c^^PL. 8 0 t^T* l B#rB^S j 

[0 0 6 0] 



(Ex5 1 5nm-Em555nm) 



mMm (%) 



^^;^n^ 7 7 2 

y-fif^ :/(50yM) 595 

y-r-tf-l'V (5 0 0yLiM) 7 8 

D '^mty^-ff-C^ (5 0 MM) 34 5 

y >®^{bi$^'ri2'^ >- (5 0 0 mM) 4 1 



10 0 
7 6 
1 0 
4 4 
5 



[0 0 6 1 ] ^7c7)^m;^^b. y >'(Selt:i5^-l'-fef>1'^^Ss 
ADLit^-g-H. iJ^-Y-fef-f >^^;^)PLfc^^^^5(^Ie1^^' 



(9) 



4#^2002-238594 



[0 0 6 2] 

[0 0 6 3] i-tj:t>'h. y^if^>^. y=^:^y'^>. V 
40mg^l00ml (JOj^^;^ /U A^gfj^ ( p H 1 

0) \z.mmi.xmm\^. i%i^mm^^\z.^A,x^^. ^ 

[0 0 64] 8 ) 



^^if^> 4. 5 

>/-x7"-r>^ 4. 2 

y ^-^e^ky^^^T^-rv- i. 3 



[ 0 0 6 5 ] i^±<7)^m. V i^mit^ yyyyfsi^mmi^ 

[0 0 6 6] 

So 

[0 0 6 7] ^tz. :^iJy^j:hf<Di^^<omt<r>^t^h-< 

yyy^^^^^m's^m-t^mzh. mm^^^^mmit 

[0 0 6 8 ] 'J i^mit^ yyy^->\:i\^^RU\^(D\^±.^j: 

^(D^m^^mztmmmmiimn^th^fzih. mm^^u 

-To 



imi] 




'-| . . , , . . . 1 . . . , , , ^ r ■ r- 

0.00 ft.K «.40 , «.60 0.60 1,00 

K i02 alnuttf 



7 D > h^— v^COj^t 

(51)Int,Cl.' m,m^^ FI (^^) 

(C12P 17/06 (C12P 17/06 

C12R 1:69) C12R 1:69) 



F^ — 4B020 LB24 LCOl LGOl LK03 LK17 

LK19 LP18 

4B064 AE46 AE63 CA02 CA05 CA21 

CB27 CD08 CD22 DA 10 



, , ^^2002-238594 
(10) 



